Objective-Increasing evidence shows that autoimmune response contributes importantly to pathogenesis of abdominal aortic aneurysm (AAA). This work was aimed to assess the possibly altered function of peripheral CD4 ϩ CD25 ϩ T regulatory cells (Tregs) that might breakdown immunologic self-tolerance in AAA patients. Methods and Results-Peripheral blood from 22 AAA patients, 11 patients with abdominal aortic atherosclerotic occlusive disease (AOD), and 32 healthy controls (HCs) was analyzed to determine the percentage of CD4 ϩ CD25 ϩ Tregs in the total CD4 ϩ T-cell population and FOXP3 expression by means of flow cytometry. The frequencies of the CD4 ϩ CD25 ϩ Treg population were not significantly different between groups (AAA, 5.69Ϯ0.99%; AOD, 5.52Ϯ1.13%; HC, 5.88Ϯ1.55%; PϾ0.05). However, the frequency of CD4 ϩ CD25 ϩ FOXP3 ϩ T cells in AAA patients (2.45Ϯ0.57%) was significantly lower than that in AOD group (3.41Ϯ0.72%; PϽ0.01) or in HCs (3.69Ϯ0.82%; PϽ0.01). A comparison of FOXP3 mRNA and protein expression revealed significantly lower levels in CD4 ϩ CD25 ϩ Tregs from AAA group than either of other 2 groups (PϽ0.01). Suppressive function assay showed that freshly isolated CD4 ϩ CD25 ϩ Tregs from patients with AAA exhibited significantly less suppressive activity than those from AOD patients or HCs (PϽ0.01). Mixing cultures with CD4 ϩ CD25 ϩ T cells and CD4 ϩ CD25 Ϫ T cells from AAA patients and HCs demonstrated that the primary regulatory defect is due to a dysfunction of CD4 ϩ CD25 ϩ Tregs, and not a resistance of CD4 ϩ CD25 Ϫ responder T cells to suppression in AAA patients. Conclusion-Our data demonstrate a reduced level of FOXP3 expression in peripheral CD4 ϩ CD25 ϩ Tregs and decreased frequency of CD4 ϩ CD25 ϩ FOXP3 ϩ T cells in a cohort of AAA patients enrolled in the study, which leads to a functional deficiency of CD4 ϩ CD25 ϩ Tregs as a whole. This indicates an impaired immunoregulation by Tregs that may contribute to AAA pathogenesis. (Arterioscler Thromb Vasc Biol. 2010;30:1825-1831.)
A bdominal aortic aneurysms (AAAs) are a major cause of morbidity and mortality in the Western countries. 1 The incidence and prevalence in China have been increasing significantly during last decade. 2 The mechanism of this disease still remains unclear. Despite surgical advances, the recent interest in developing new therapies for treating small, asymptomatic, nonoperation-indicated AAA has led to greater efforts to investigate and define its cellular and molecular nature. Increasing evidence shows that immune response contributes importantly to aneurysmal disease, and AAAs are noted for many features of autoimmune disease, including genetic predisposition, organ specificity, and chronic inflammation. [3] [4] [5] 
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Our previous study shows that activated T lymphocytes in the peripheral blood of AAA patients are resistant to Fasinduced apoptosis, 6 and a study by Duftner et al shows that a certain subset of T lymphocytes (CD28 Ϫ ) is significantly expanded in AAA patients, and the T cells display a reduced spontaneous apoptosis. 7 The process of apoptosis is important both for the elimination of autoreactive lymphocytes and the downregulation of appropriately generated immune responses. Thus these data suggest a deficiency of the immune response-silencing system where potentially pathogenic, autoreactive T cells have the capacity to survive and proliferate in AAA patients and induce a process of autoimmune injury related to the dilation of the abdominal aorta. On the other hand, recent studies of autoimmune diseases have provided strong evidence for the existence of a unique CD4 ϩ CD25 ϩ population of naturally occurring regulatory T cells that actively prevent both the activation and the effector function of autoreactive T cells that have escaped tolerance mechanisms. 8 -10 A defect of this population, however, leads to the spontaneous development of various autoimmune diseases, both organ specific and systemic. 11 In human peripheral blood, CD4 ϩ CD25 ϩ regulatory T cells (Tregs) constitute 3% to 10% of the CD4 ϩ T cells. 11, 12 Although Tregs also include other subgroups, CD4 ϩ CD25 ϩ Tregs are the most important and represent a unique lineage critical for maintaining central tolerance, as well as exerting regulatory function in the peripheral immunity. 12 In particular, the generation of CD4 ϩ CD25 ϩ Tregs in the immune system is developmentally and genetically controlled, as recent studies have identified that forkhead/winged-helix family of transcription factor FoxP3 (forkhead box P3, Foxp3; Foxp3 for mouse, and FOXP3 for human) is essential for their thymic development and is sufficient to activate a program of suppressor function in peripheral CD4 ϩ CD25 Ϫ T cells by ectopic expression. 13, 14 Deficiency of FoxP3, which primarily affects the development or function of CD4 ϩ CD25 ϩ Tregs, can be a primary cause of autoimmune and other inflammatory disorders in humans. 11 Indeed, defects in CD4 ϩ CD25 ϩ Treg cells, expression reduction, and mutation in FOXP3 gene have been identified in autoimmune liver disease, autoimmune thyroiditis, systemic lupus erythematosus, rheumatic arthritis, autoimmune diabetes, immune dysregulation, polyendocrinopathy, enteropathy, X-linked inheritance, inflammatory bowel disease, and other autoimmune disorders. 15 Importantly, a recent investigation using an animal model highly suggests that natural CD4 ϩ CD25 ϩ Tregs are efficient inhibitors of AAA formation in mice and may even constitute an important therapeutic target. 16 Evidence to date suggests the possibility that the emergence of autoimmunity in disease such as AAAs could be related to deficient function of Tregs. An earlier study, focused on CD31 ϩ T cells in AAA patients, indicated that the proportion of circulating CD4 ϩ CD25 ϩ Tregs in AAA patients was not significantly different from that in control subjects. 17 However, the function of CD4 ϩ CD25 ϩ Tregs, including FOXP3 expression and regulation, which are critically important for initiation and development of autoimmunity, remains unknown. Therefore, the potential role of Tregs in AAAs needs to be fully delineated.
In the current study, we evaluated expression of FOXP3 mRNA and protein and functional suppressive activity in CD4 ϩ CD25 ϩ Tregs isolated from blood mononuclear cells of AAA patients and compared them with control groups of abdominal aortic atherosclerotic occlusive disease (AOD) patients and healthy controls (HCs). We found a functional defect in CD4 ϩ CD25 ϩ Tregs, as well as a significant reduction of FOXP3 expression in AAA patients.
Materials and Methods

Human Subjects
Patients with a diameter of the abdominal aorta (measured by computer tomography scan or MRI) larger than 3.5 cm (AAA, nϭ22, 17 males and 5 females, 50 to 82 years old) were prospectively recruited into the study as the AAA group. All AAAs were accompanied by atherosclerotic change. Patients with Ehlers-Danlos syndrome, Marfan syndrome, other known vascular disorder, or connective tissue disorders were excluded, and patients in the study had no evidence or medical history of other autoimmune diseases.
For normal control group, age-and sex-matched HC individuals (nϭ32, 23 males and 9 females, 45 to 73 years old) were selected. They had a relative healthy peripheral vascular system checked by ultrosonography and no evidence or medical history of aneurysm, AOD, or other vascular disorder. Exclusion criteria also included cancer, infection, and any other immune-mediated disease.
Because AAAs were also accompanied by prominent atherosclerosis, age-and sex-matched infrarenal AOD patients (nϭ11, 8 males, 3 females, 49 to 70 years) were selected to be in the second control group. They had no evidence or medical history of aneurismal disease, other vascular disorders, connective tissue disorders, or known autoimmune diseases. AOD was confirmed by CT scan or MRI. This control group served in part to exclude the interference of atherosclerosis to which recent attention has been given for the possible autoimmune mechanisms especially in early lesions. 18 All subjects gave informed consent before blood sampling. The study was approved by the Institutional Review Board at China Medical University and the local ethical committee.
Flow Cytometric Analysis
Peripheral blood mononuclear cells (PBMC) were isolated from fresh heparinized blood by Ficoll-Hypaque density gradient centrifugation (TBD Sciences, Tianjin, China). For surface marker analyses, PBMC were incubated for 30 minutes at 4°C with a cocktail of 3 fluorescent monoclonal antibodies (BD Biosciences, San Jose, CA) directed to human CD25 (allophycocyanin), CD3 (peridinin chlorophyll protein), or CD4 (fluorescein isothiocyanate). For intracellular staining of FOXP3, cell surface staining having first been completed, cells were subsequently fixed and permeabilized according to the FOXP3 staining buffer set protocol before anti-human FOXP3 (clone PCH101; eBioscience, San Diego, CA) was added for 30 minutes at 4°C. Samples were analyzed on a FACSCalibur flow cytometer (BD Biosciences). Isotype-matched antibodies were used as controls. A minimum 20,000 events in the lymphocyte gate (forward scatter/side scatter) were acquired on a FACSCalibur flow cytometer and analyzed using Cell Quest software (BD Biosciences).
Isolation of T-Cell Subpopulations
PBMC were isolated as previously described. To further isolate T cell subpopulations, PBMC were incubated for 30 minutes with CD25-(allophycocyanin) -and CD4-(fluorescein isothiocyanate)labeled antibodies (BD Biosciences) at 4°C. CD4 ϩ CD25 ϩ Tregs were sorted as the top 2% of CD4 ϩ T cells (showing the brightest expression of CD25) using a FACSAria cell sorter (BD Biosciences). In parallel, CD4 ϩ CD25 Ϫ T cells were isolated as responder T cells. The purity of cell fractions sorted using a fluorescence-activated cell sorter was routinely Ͼ95% for each T-cell fraction.
FOXP3 Expression
Real-Time Polymerase Chain Reaction
T-cell subpopulations were analyzed for FOXP3 expression by using real-time polymerase chain reaction (PCR). Total RNA was extracted from frozen cell pellets with an RNeasy Kit (Takara Bio, Dialian, China) according to the manufacturer's instructions. The amount and purity of the obtained RNA were determined by measurements of optical density (OD) at 260 and 280 nm. RNA was treated with DNase I (Takara) before reverse transcription to eliminate contaminating genomic DNA. The cDNA was synthesized in a 20-L final volume with AMV reverse transcriptase (Takara) and random primers (Takara) following the manufacturer's recommendations. Relative quantitative real-time PCR was performed using SYBR-green I Premix Ex Taq (Takara) on the Rotor-Gene3000 (Corbett, Sydney, Australia) following the manufacturer's instructions. The primers for FOXP3 were synthesized by Takara (sense: 5Ј-GGCACTCCTCCAGGACAG-3Ј; antisense: 5Ј-GCTGATCATGGCTGGGCTCT-3Ј), and the primers for ␤-actin were available commercially. Thermal cycle parameters were 30 seconds at 95°C and 40 cycles of denaturation at 95°C for 10 seconds followed by annealing at 60°C for 15 seconds and extension at 72°C for 40 seconds. All PCR assays were carried out in duplicate, and data were analyzed with the Rotor-Gene3000 Detection system using the comparative threshold cycle method. Standard curves were generated and indicated excellent amplification efficiency (90% to 100%).
Western Blot Analysis
For immunoblots, T cell subpopulations were lysed in lysis buffer ( 
Treg Suppression Assay
CD4 ϩ CD25 ϩ Tregs purified from PBMC were used as suppressor cells, and the CD4 ϩ CD25 Ϫ fraction was used as responder cells. All suppression assays were performed in 96-well round-bottom plates in a final volume of 200 L/well of RPMI 1640 medium (GIBCO, Invitrogen, Grand Island, NY) supplemented with 10% fetal bovine serum (HyClone, Beijing, China), 10 mmol/L HEPES, 100U/mL penicillin G, 100 g/mL streptomycin (Solarbio, Beijing, China), and 20 U/mL recombinant human interleukin-2 (eBioscience). For assay setup, CD4 ϩ CD25 ϩ Tregs were cultured with CD4 ϩ CD25 Ϫ T cells at different ratios (1:0.2, 1:0.4, 1:1, 1:2), and a maximum suppressive capacity of suppressor cells was obtained generally at a ratio of 1:1 (AAA, 31.1% to 73.4%; AOD, 67.4% to 85.7%; HCs, 76.5% to 91.3%). Therefore, isolated suppressor cells were usually cultured with responder cells at a ratio of 1:1 if not otherwise indicated. Before the assay, 9 wells each in the 96-well plates were coated with 100 L of a final concentration of 5.0 g/mL anti-CD3 (Santa Cruz Biotechnology), and the plates were incubated overnight at 4°C. All wells were washed before assay setup. The CD4 ϩ CD25 Ϫ T cells were plated at 2.0ϫ10 4 /well alone or in combination with CD4 ϩ CD25 ϩ Tregs in triplicate at 2.0ϫ10 4 /well, and the CD4 ϩ CD25 ϩ Tregs were cultured alone at 2.0ϫ10 4 /well. To the wells containing 5 g/mL plate-bound anti-CD3 mAb, 1.0ϫ10 4 irradiated (3,000 rads) PBMC were added as antigen-presenting cells. Cell proliferation was measured using a modified 3-[4,5dimethyl-2-thiazol-yl]-2,5-diphenyltetrazolium bromide assay with a Premix WST-1 Cell Proliferation Assay System (Kit) (Takara), which is based on the cleavage of the tetrazolium salt WST-1 to soluble formazan dye by mitochondrial dehydrogenases in viable cells. The formazan dye produced by viable cells can be quantified as OD value in a microplate ELISA reader (Sunrise Remote, TECAN, Austria) by measuring the absorbance of the dye solution at 450 nm with a reference wavelength at 630 nm. Percentage suppression was determined at a 1:1 ratio compared with responses of CD4 ϩ CD25 ϩ Tregs (suppressor cells) and CD4 ϩ CD25 Ϫ T cells (responder T cells) alone, as follows: [mean OD value (responder cells)Ϫmean OD value (mixed cell culture)]/[mean OD value (responder cells)Ϫmean OD value (suppressor cells)]ϫ100%.
To determine any possibility of an increased resistance of CD4 ϩ CD25 Ϫ T cells to inhibition in AAA patients, we also carried out mixing cultures with cells from 7 AAA patients and 7 HCs.
Statistical Analysis
The Mann-Whitney U test was used as to evaluate differences in categoric variables. All values were expressed as meanϮSD. Error bars in all figures indicate SD. Statistical significance was accepted at PϽ0.05.
Results
Frequency Analysis of Circulating CD4 ؉ CD25 ؉ Tregs and CD4 ؉ CD25 ؉ FOXP3 ؉ T Cells
We analyzed peripheral blood from 22 AAA patients, 11 AOD patients, and 32 HC donors to determine the percentage of CD4 ϩ CD25 ϩ Tregs and CD4 ϩ CD25 ϩ FOXP3 ϩ T cells in the total CD4 ϩ T-cell population by means of flow cytometry. In AAA patients, the CD4 ϩ CD25 ϩ Tregs represented 3.7% to 7.6% of CD4 ϩ T cells; the CD4 ϩ CD25 ϩ FOXP3 ϩ T-cell population comprised 1.4% to 3.4% of CD4 ϩ T cells. In AOD patients, the CD4 ϩ CD25 ϩ Tregs represented 3.8% to 7.3% of CD4 ϩ T cells; the CD4 ϩ CD25 ϩ FOXP3 ϩ T-cell population comprised 2.1% to 4.7% of CD4 ϩ T cells. In HCs, the CD4 ϩ CD25 ϩ Tregs represented 3.6% to 10.8% of CD4 ϩ T cells; the CD4 ϩ CD25 ϩ FOXP3 ϩ T cell population comprised 1.9% to 5.6% of CD4 ϩ T cells ( Figure 1A and 1B) . As a result, the mean frequency of CD4 ϩ CD25 ϩ Tregs in AAA patients, AOD patients, and HCs were nearly identical (median, 5.55% [5.69Ϯ0.99%] versus median, 5.50% [5.52Ϯ1.13%] versus median, 5.65% [5.88Ϯ1.55%]), with no significant difference between them (PϾ0.05; Figure 1C ). However, the frequency of CD4 ϩ CD25 ϩ FOXP3 ϩ T cells in AAA patients (median, 2.45% [2.45Ϯ0.57%]) was significantly lower than that in AOD patients (median, 3.40% [3.41Ϯ0.72%]; PϽ0.01) or HCs (median, 3.80% [3.69Ϯ0.82%]; PϽ0.01; Figure 1D ). Thus, AAA patients showed a reduced number of blood circulating CD4 ϩ CD25 ϩ FOXP3 ϩ T cells. AOD patients, as compared with HCs, showed a trend toward lower levels of CD4 ϩ CD25 ϩ FOXP3 ϩ T cells that did not reach statistical significance (PϾ0.05).
Expression of FOXP3 in CD4 ؉ CD25 ؉ Tregs
We measured and compared the expression of FOXP3 in the CD4 ϩ CD25 ϩ Tregs fraction of PBMC with mRNA detection assays in 17 AAA patients, 11 AOD patients, and 28 HCs. The comparison of FOXP3 mRNA expression by quantitative realtime PCR revealed lower message levels in CD4 ϩ CD25 ϩ Tregs from AAA patients than those from AOD patients or HCs with significant difference (PϽ0.01; Figure 2 ). Similarly, study by Western blot showed a consistent significant reduction of FOXP3 protein expression in CD4 ϩ CD25 ϩ Tregs from the 10 AAA patients compared with those from the 10 AOD patients or 10 HCs (AAA, 31.1Ϯ5.7% versus AOD, 48.4Ϯ10.6% or HC, 53.3Ϯ7.6%; PϽ0.01; Figure 3 ). AOD patients showed lower levels of FOXP3 than HCs but with no significant difference (PϾ0.05).
Suppressive Function of CD4 ؉ CD25 ؉ T Cells
To evaluate functional suppression of CD4 ϩ CD25 ϩ T cells from AAA, AOD, and HC groups, we stimulated CD4 ϩ CD25 Ϫ responder cells mixed with CD4 ϩ CD25 ϩ Tregs at a ratio of 1:1 with the concentrations (5.0 g/mL) of plate-bound anti-CD3 antibody. Freshly isolated CD4 ϩ CD25 ϩ Tregs from AAA patients showed the same low proliferative response to immobilized anti-CD3 as the AOD patients or the HCs (PϾ0.05), whereas freshly isolated CD4 ϩ CD25 Ϫ T cells from AAA patients showed the same high proliferative response to immobilized anti-CD3 as the AOD patients or the HCs (PϾ0.05, Figure 4A ). The regulatory properties of CD4 ϩ CD25 ϩ Tregs were investigated by testing their ability to suppress the proliferative responses of CD4 ϩ CD25 Ϫ T cells to immobilized anti-CD3. At a ratio of 1:1, proliferation of CD4 ϩ CD25 Ϫ responder T cells from AAA was significantly higher than proliferation of those from AOD or HCs after coculture with autologous CD4 ϩ CD25 ϩ Tregs (PϽ0.01, Figure 4A ). CD4 ϩ CD25 ϩ Tregs from either AOD patients or HCs inhibited the proliferation of autologous CD4 ϩ CD25 Ϫ T responder cells (AOD, nϭ7, median, 77.26%, meanϮSD, 78.16Ϯ6.23%; HC, nϭ10; median 82.83%; meanϮSD, 81.97Ϯ6.93%; Figure 4B ), indicating that CD4 ϩ CD25 ϩ Tregs from AOD patients and HCs have similar direct suppressive effects on T cells (PϾ0.05). However, as shown in Figure 4B , freshly isolated CD4 ϩ CD25 ϩ Tregs from AAA patients exhibited significantly reduced suppressive activity (nϭ10, median, 42.88%; meanϮSD, 46.68Ϯ13.46%) than those from AOD patients or HCs (PϽ0.01).
To determine whether the deficiency of regulatory function in AAA was explained by a decrease in the intrinsic function of CD4 ϩ CD25 ϩ T cells or by an increase in the resistance of CD4 ϩ CD25 Ϫ responder T cells to inhibition, we conducted mixing experiments with cells from 7 AAA patients and 7 HCs. CD4 ϩ CD25 ϩ Tregs from patients with AAA failed to suppress the proliferation of autologous CD4 ϩ CD25 Ϫ responder T cells as well as CD4 ϩ CD25 Ϫ responder T cells from HCs, whereas CD4 ϩ CD25 ϩ Tregs from HCs readily suppressed the proliferative response of CD4 ϩ CD25 Ϫ responders from AAA patients ( Figure 5 ). These data clearly indicate that the primary regulatory defect is due to a dysfunction of CD4 ϩ CD25 ϩ Tregs isolated from PBMC of AAA patients and not to resistance of AAA CD4 ϩ CD25 Ϫ responder cells to suppression.
In study of AAA group, we also tried to detect the possible association of CD4 ϩ CD25 ϩ FOXP3 ϩ T-cell prevalence, FOXP3 expression, and suppressive function as reported above with AAA size and patient age, but we found no definite correlation.
Discussion
It is now well established that a small population of CD4 ϩ T cells, identified by the coexpression of CD25, has the ability to regulate immune responses. These Tregs have been found and characterized in humans and rodents, and FoxP3 expres- sion is required for Treg development and is found to confer suppressive function on peripheral CD4 ϩ CD25 ϩ Treg cells. Furthermore, studies in both humans and mice have demonstrated that defective regulatory T-cell function contributes to autoimmune diseases in both animal models and human disease. Importantly, Treg function in humans largely resides in the fraction of CD4 ϩ CD25 ϩ T cells that express the highest density of CD25. 12, 19 Therefore, we sought to determine whether a defect in CD4 ϩ CD25 ϩ Tregs occurs in patients with AAAs. Although our finding reveals no significant alterations in the frequency of CD4 ϩ CD25 ϩ Tregs in AAA patients as previous report shows, our data demonstrate for the first time a functional defect in CD4 ϩ CD25 ϩ PBMC and a significant reduction in FOXP3 expression in a cohort of AAA patients enrolled in our study. Although we only analyzed the CD25 brightest T-cell subset, defined as the 2% of cells with the greatest expression of CD25, the finding that this population was deficient in regulatory function is consistent with previous data indicating dysfunction of Tregs in patients with autoimmune disorders. 11, 15 To exclude any probability of an increased resistance of CD4 ϩ CD25 Ϫ T cells to inhibition in AAA patients, we also performed mixing cultures with cells from AAA patients and HCs. The results
show that the primary regulatory defect is due to a decrease in the intrinsic function of CD4 ϩ CD25 ϩ Tregs AAA in patients rather than the resistance of AAA CD4 ϩ CD25 Ϫ responder cells to suppression.
Autoimmunity arises in genetically susceptible individuals owing to the loss of self-tolerance and the expansion of autoreactive lymphocytes that lead to organ or tissue damage. The inflammatory infiltrate in the media and adventitia of the aortic wall in AAAs is dominated by CD4 ϩ T-helper cells that exhibit a unique activated memory phenotype and produce proinflammatory cytokines. 20 -22 Local activation might therefore occur within the aortic wall, giving rise to a unique subset of infiltrating lymphocytes with an unrestricted repertoire and clonal expansion of T cells with T-cell receptors. 4, 5 In AAA patients, a higher level of T-cell subset (CD4 ϩ CD28 Ϫ ) has also been identified in peripheral blood. These cells, also appearing in AAA tissue and producing high levels of interferon-␥ and perforin, could initiate and participate in aortic tissue injury. 7 Our previous data suggest that expansion of autoreactive T cells might result from their resistance to Fas-induced apoptosis. 6 This expansion and broken self-tolerance, on the other hand, may be due to deficiency or dysfunction of Tregs as well. Under normal physiological conditions, homeostasis of the immune system is maintained by deletion of autoreactive T cells from the developing repertoire within the thymus. However, some autoreactive T cells can enter the peripheral circulation, where they are normally kept in check by fail-safe mechanisms with Tregs, which suppress the proliferation of naive autoreactive T cells. 8, 14 The defect of circulating Tregs in AAA patients, together with local and general T-cell activation and expansion, could explain the altered immunoregulation with autoimmune responses against abdominal aortic wall.
Interestingly, the reason why T cells initiate and propagate an immune response against components of the aortic wall remains unknown. Investigations aimed at identification of specific autoantigen responsible for T-cell activation and recruitment have so far raised a few possible candidates, 5 but yielded no definite result. This reflects a complicated process of aneurismal development, the polyclonal nature of infiltrating lymphocytes and the oligoclonal T-cell specificity, 4,5 and argues against the previous dedication to a single specific antigen that invokes an autoimmune process in AAAs. Further molecular sequencing and structural identification of autoimmune proteins might facilitate the identification of certain individuals at risk of developing AAA. The CD4 ϩ CD25 ϩ Treg cells, however, have diverse T-cell receptor repertoires, 12 suggesting that they are capable of responding to a wide spectrum of antigens. Studies have also shown that CD4 ϩ CD25 ϩ Tregs suppress proliferation and cytokine production to both self-and foreign antigens, and the depletion of Tregs combined with accumulated autoantigens caused severe autoimmune responses in a normal animal model. 23 Thus, defective antigen-specific Treg cells may contribute to the pathogenesis of AAAs, and the antigenspecific suppression of CD4 ϩ CD25 ϩ Tregs deserves being investigated further.
A major mechanism to explain functional defect of CD4 ϩ CD25 ϩ Tregs is deficiency of upstream control by FOXP3. Foxp3 expression both drives the differentiation of Treg and controls regulatory function. It provides a precise marker for murine Treg identification. Mutant or knockout mice lacking foxp3 gene function develop fatal, multiorgan inflammatory infiltrates. 9, 11, 14 Currently, the increasing prevalence and unsatisfactory treatment of autoimmune diseases have led to greater efforts to investigate and define the cellular and molecular nature of Foxp3 and Treg action to develop drugs or biologics that can enhance or abrogate their functions. For instance, it becomes conceivable to design strategies to amplify the decreased function of Tregs by specific therapeutic interventions currently available, such as low-dose interleukin-2 or tumor necrosis factor blocking agents 14 ; recently, it has been described that the murine CD4 ϩ CD25 ϩ FoxP3 ϩ population can be expanded in vitro in the presence of rapamycin and high doses of interleukin-2 without loss of their suppressive capacity. 24 Thus, these biologicals including monoclonal antibodies, and small molecules that have differential effects on Tregs and responder T cells may represent the next generation of therapeutic reagents to selectively suppress or enhance immune responses by controlling the balance between Tregs and responder T cells. Although there are many unanswered questions and the road investigating mechanisms and pharmaceutical intervention of autoimmunity such as AAA is still long and not smooth, there are great promises and excitement over the horizon.
The present study also shows a significant difference between AAA and AOD patients in phenotypic and functional profile of CD4 ϩ CD25 ϩ Tregs. The deficient CD4 ϩ CD25 ϩ Treg function in AAA patients suggests the unique way of AAA development, which may be different from AOD and independent of atherosclerosis. This question has been debated for quite a long time. Furthermore, the significant difference observed between AAA and AOD in respect to inflammatory infiltration and immune response within the aortic wall 1, 18, 25 might be an important factor to influence the direction in which the arterial disease develops: dilation or obstruction.
In conclusion, our study shows a reduced level of FOXP3 expression in peripheral CD4 ϩ CD25 ϩ T cells and decreased frequency of CD4 ϩ CD25 ϩ FOXP3 ϩ T cells in patients with AAAs, which is related to a reduction in functional suppression in Tregs as whole. This observation is the first to link a defect in functional immunoregulation to an established genetic marker that has been unequivocally shown to be involved in maintaining peripheral immune tolerance and preventing autoimmune diseases. How FOXP3 proteins are regulated in the Treg cells remains to be defined further, but it is possible that regulatory mechanisms are altered during the course of AAA. Figure 5 . CD4 ϩ CD25 Ϫ responder T cells (2.0ϫ10 4 /well) and CD4 ϩ CD25 ϩ Tregs (2.0ϫ10 4 /well) were cocultured with platebound anti-CD3 either alone or at a 1:1 ratio. The proliferation was measured by 3-[4,5-dimethyl-2-thiazol-yl]-2,5diphenyltetrazolium bromide assay after 72 hours. CD4 ϩ CD25 ϩ Tregs from patients with AAA failed to suppress the proliferation of autologous CD4 ϩ CD25 Ϫ responder T cells as well as CD4 ϩ CD25 Ϫ responder T cells from HCs, whereas CD4 ϩ CD25 ϩ T cells from HCs readily suppressed the proliferative response of CD4 ϩ CD25 Ϫ responders from AAA patients.
